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© Inhibition of poly(arylene sulfide) resin induced metal corrosion. 



© The tendency of poly(arylene sulfide) resin to cause mold corrosion upon molding is inhibited by mixing, 
prior to said molding, the poly(arylene sulfide) resin and lithium sulfite alone, or a combination of lithium sulfite 
and alkali or alkaline earth metal carbonates, alkali metal or alkaline earth metal borates, or mixtures thereof. 
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INHIBITION OF POLY(ARYLENE SULFIDE) RESIN INDUCED METAL CORROSION 

Field of the Invention 

The present invention relates to poly(arylene sulfide) resin compositions. In another aspect this 
5 invention relates to a method for improving a poly(arylene sulfide) resin so that it will be less likely to cause 
metal in contact therewith to corrode. In a further aspect this invention relates to a method for at least 
substantially eliminating the tendency of poly(arylene sulfide) resin to cause corrosion of the molds 
employed in molding processes. 

w 

Background of the Invention 

Polyfarylene sulfide) resin, an engineering thermoplastic having outstanding ability to withstand high 
/5 temperatures and chemical attack, is commercially available. It has been observed that occasionally during 
the injection molding of certain poly(arylene sulfide) resins mold corrosion occurs. The corrosion has varied 
from only a slight attack of the mold after extensive molding to very extensive damage after molding for 
only a short time. Molds of beryllium, copper, and Vega tool steel are most susceptible to such mold 
corrosion, while molds of stainless steel, such as 303 Stainless. 304 Stainless, and 316 Stainless, and 
20 molds with chrome or nickel plating are most resistant to such corrosion. The use of special corrosion- 
resistant stainless steel molds and chrome or nickel-plated molds can pose an economic burden upon 
plastic fabricators that do not already have such molds. 

It is known to mix certain compounds with the poly(arylene sulfide) resin prior to molding in order to 
inhibit corrosion of the mold metals, as described in U.S. 4.017.450. In the above referenced patent 
2S publication, alkali metal carbonates or hydroxides are disclosed as corrosion inhibitors; and sodium sulfite is 
disclosed as not inhibiting corrosion. 

In a method typical of the above patent, an alkali metal carbonate such as lithium carbonate is 
incorporated into the poly(ary!ene sulfide) resin prior to the molding process. However, the development of 
" other additives for combating, the corrosion problem would be beneficial for the development of the poly- 
30 (arylene sulfide) resin technology. 

It is an object of my invention to reduce or eliminate mold corrosion resulting when poly(arylene sulfide) 
resins are molded. 

A further object is to provide a poly(aryiene sulfide) resin composition that is less likely to cause mold 
corrosion than prior art poly(arylene sulfide) resin compositions. 

35 

Summary of the Invention 

40 I have discovered that mold corrosion accompanying the molding of poly(arylene sulfide) resins can be 
inhibited by the employment of a sufficient amount of lithium sulfite. This is indeed surprising in view of 
U.S. 4,017,050 showing that sodium sulfite is not effective. 

I have also discovered that combinations of lithium sulfite with at least one of an alkali metal or alkaline 
earth metal carbonate and alkali metal or alkaline earth metal borate are highly effective to inhibit mold 

45 corrosion. 



Description of the Preferred Embodiments 

My invention is directed to the improvement of any poly(arylene sulfide) resins which contribute to the 
corrosion of metaJs, regardless of the method of preparation of the resins. 

According to my invention the tendency of a po!y(arylene sulfide) resin during molding thereof to cause 
metal corrosion is reduced by employing in combination with the resin an effective inhibiting amount of a) 
lithium sulfite or b) lithium sulfite plus at least one of an alkali metal or alkaline earth metal carbonate and 
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an alkali metal or alkaline earth metal borate. . 

The lithium sulfite useful in this invention can be in either the hydrated or anhydrous form. The 
anhydrous form of lithium sulfite was used for experimental purposes and is therefore used for purposes o 
expressing weight percentages herein. Therefore, if one wishes to use the hydrated form, the weight 
percentages expressed herein can be adjusted accordingly. 

Similarly, the alkali metal or alkaline earth metal borates useful in this invention can be in either the 
hydrated or anhydrous form. Furthermore, the terms alkali metal or alkaline earth metal borate are meant to 
include any form of the alkali metal or alkaline earth metal borate which can be easily converted to the 
metaborate (B0 2 -) or tetraborate (B*0 7 - 2 ) form by aqueous or thermal treatment or a combination of 
treatments. Such forms could contain BOj"') 8*0*-*. B 3 0 6 ~3 (^elaborates). BO,"* (orthoborate) 8*0; 
(tetraborate), and BsO.o" 5 (pentaborate). Preferred forms of the alkali metal or alkaline earth metal borates 
are the metaborates (BO*-) and tetraborates (B*0 7 - 2 ) due to availability. The anhydrous form of the alkali 
metal or alkaline earth metal borates, where the borate anion was B*0 7 -' was used for experimental 
purposes and is therefore used for purposes of expressing weight percentages herein. Again, if the 
hydrated form of the alkali metal or alkaline earth metal borate is to be employed, weight percentages must 

^ Thfamount of lithium sulfite employed is that effective to reduce the tendency of the molten poly- 
(arylene sulfide) to cause corrosion of metal in contact therewith. Generally, the amount of the lithium sulfite 
employed is in the range of about 0.4 to about 10 weight percent, preferably about 0.45 to about 5 weight 
20 percent, and more preferably about 0.5 to about 2 weight percent, where the weight percent is based on the 
weight of the poly(arylene sulfide) resin, exclusive of colorants, fillers, reinforcing agents, other additives. 

Further' according to my invention lithium sulfite and at least one of an alkali metal or alkaline earth 
metal carbonate, an alkali metal or alkaline earth metal borate, or mixtures thereof can be employed with 
25 the poly(arylene sulfide) resin in order to reduce metal corrosion. 

Generally the amount of lithium sulfite employed, when used with the alkali metal or alkaline earth meta 
carbonate or alkali metal or alkaline earth metal borate is in the range specified above; and the amount of 
the alkali metal or alkaline earth metal carbonate, alkali metal or alkaline earth metal borate, or mixture 
thereof, employed is in the range of about 0.4 weight percent to about 9.6 weight percent based on the 
30 weight of the poly(arylene sulfide) resin, exclusive of colorants, fillers, reinforcing agents, other additives. 

The 'amount of alkali metal or alkaline earth metal carbonate, alkali metal or alkaline earth metal borate, 
or mixture thereof should be such that the total amount of lithium sulfite and alkali metal or alkaline earth 
metal carbonate, alkali metal or alkaline earth metal borate, or mixture thereof does not exceed about 10 
35 weight percent, based on the weight of the poly(arylene sulfide) resin, exclusive of colorants, fillers, 
reinforcing agents, other additives, and the like. A preferred ratio of the amount of alkali metal or alkaline 
earth metal carbonate and/or alkali metal or alkaline earth metal borate to the amount of lithium sulfite in the 
combination is 1:1; a preferred amount of the combination in the resin is in the range of 0.5 to about 2 

weight percent. , 

40 The term alkaline earth metal includes beryllium, magnesium, calcium, strontium, barium and radium. 
The term alkali metal includes lithium, potassium, sodium, rubidium, and cesium. Examples of suitable alkali 
metal or alkaline earth metal carbonates include lithium carbonate, potassium carbonate, sodium carbonate, 
rubidium carbonate, cesium carbonate, beryllium carbonate, magnesium carbonate, calcium carbonate, 
strontium carbonate, and barium carbonate. Magnesium, calcium, and barium carbonates are preferred. 

4s Especially preferred is barium carbonate. As mentioned above, any form of the alkali metal or alkaline earth 
metal borate can be used. For example. K 2 B*07. potassium tetraborate or KB0 2 . potassium metaborate can 
be used, although potassium tetraborate is preferred due to availability. Other examples of suitable alkali 
metal or alkaline earth borates include calcium metaborate. calcium tetraborate, lithium metaborate. lithium 
tetraborate, magnesium metaborate, sodium metaborate, sodium tetraborate and strontium tetraborate. 

50 According to my invention it is essential for optimum corrosion inhibition that an intimate mixture of the 
poly(arylene sulfide) resin and the lithium sulfite, and alkali metal or alkaline earth metal carbonates and/or 
alkali metal or alkaline earth metal borates, if added as described, be formed before the metal that is 
subject to the described corrosion is placed in contact with the molten resin. The term "Intimate mixture" as 
used herein is intended to denote a mixture in which the ingredients are predominantly uniformly distributed 

55 throughout the composition. The mixing may be accomplished by any suitable method known to those 
skilled in the art. A method for forming an intimate mixture of the poly(arylene sulfide) resin and one or 
more of the above listed inhibitors is to dry mix the materials prior to the melting of the resin. For example, 
the dry inhibitors can be mixed with the polyfarylene sulfide) resin powder in a dry mixing apparatus such 
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as a Banbury mixer 
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iS e Th P e "present invention is partculariy useful for the poly(ary.ene sulfide) r^cj^ c^led poly- 
(phenylene sulfide) resins. P-phenylene sulfide polymers can be prepared as described <n US. Patenl -.No. 
3 919 77 wherein p-phenylene sulfide polymers are produced by reacting at least one P^f*«™ 
rrLure in which atLst one suitable source of su.fur, at .east ^.^^^^ an a 
least one oraanic amide are contacted. Since the techniques of producing poly(arylene sulfide) res,ns 
o sad i n t mentioned patents are Known to those ski.led in the art. ^<^J™£ 
processes will not be set forth herein. For more detail one may refer to the specific patents. wh.ch are 

inC °ZZ^S^ n . sulfide) resins can be molded into a variety of useful articles by molding 
techniques w'hich ire known in the art. Molding generally is carried out above the melt, ng pomt o he 
oarticular polymer being molded. Suitable molding techniques include in,ect,on molding compress on 
moTdi va uni molding, and the .ike. While the present invention is particularly suitable for grave Jng 
corrosion that occurs when P o,y(pheny.ene sulfide) resins are injection mo ded 

dally eliminate corrosion that occurs as a result of any of the mold.ng techn.ques enumerated above or any 
JechnSue involving contacting of metal with molten P o.y(arylene sulfide) resms. such as. .or examp.e. 

eXtrU T?e n metals involved in the molding or extruding process which are subject to corrosion are generally 
thosPmade o ZlHum. copper, and Vega too. steel. Metals which are less susceptible to corrosion but 
mo« ^expens^e to empioy include 303 Stainless steel. 304 Stainless steel. 316 Stain.ess stee.. and chrome 

0f "uke any other poly(arylene sulfide) resin compositions, the resin compositions of my invention have 
utility £ uses where halting point and high temperature stability ™ 

sulfide) resins of my invention can also include other additives such as fillers, p.gments. stab.Hze s. 
soJenis ^L£T«d other polymers. In injection moiding. for example, it is usua to prepare poly- 
SXT'su¥de) res n compositions containing about 20 to about 50 weight percent of glass fiber filler 
£e Ton ^the weight 0 f the poly(aryiene sulfide) resin and.the glass fiber filler. Generally glass fibers about 
! Unc t iolt 1 inch in tatfh are employed. A.so as known in the art such glass filled comporitan. can 
be prepared by feeding continuous giass roving through an extruder along w,th the thermoplastic Of 
course, it would be counterproductive to employ an additive which increases the corrosion tendency of the 

present inventive composition. , „„„„,„,. 

The present invention and its advantages are further demonstrated by the following example. 

40 EXAMPLE I 
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This example describes the process used to evaluate mold corrosion inhibitors for poiy(arylene sulfide) 
resins. The genera, procedure is as follows: the lithium salt additive, usuaily 0.05 grams, was mixed i tor 
about 5 minutes with a mortar and pestle with 5 grams of poly(phenylene sulfide) (melt flow rate 140-220 
grarns/10 minutes measured in accordance with test method ASTM D 1238. Procedure B modM Mo use 
condition 315/5.0 with a 5 min. preheat time). Oegreased. cold-rolled, carbon steel coupons. 1 inch x inch 
x 035 inch were placed in small aluminum pans and covered with the poly(phenylene sul fide) (PPS) 
-additive mixture. Two controls were also prepared for simultaneous testing one where only the PPS 
without the additive was used and one where PPS ♦ 1 weight percent L, 2 CO, was used Jhe pans 
containing the PPS-covered steel coupons were placed in a large air crculatmg oven at 370 C to 3 hours 
After coofing the PPS covering was removed from the coupons which were then placed on a rack s.tuated 
fn a closed J Containing some water with the coupons above the water level. After 2 hours exposure to 
water vapor at ambient mom temperature, the coupons were removed and allowed to stand overnight at 
Kolry conditions. The'coupons were then judged as good fair or poor with . *g«* corrosion 
inhibition. The control containing 1 weight percent U 2 C0 3 was rated good because it d, I not appea "to 
contribute to rust particles on the metal surface whereas the control contammg on.y PPS without any 
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additive was rated poor because it 

Using the procedure _ _ a,u *ed. These results are listed in 



s TA8LE I: 



a number of lithium salts 



TABLE I 



^re evaluated. These results are listed in 



10 



15 
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' Wt. % 

Additive 



Comparison: 
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Rating 3 



None 

Lithium Carbonate <Li 3 C0 3 , 
bHjum Carbonate (Li 2 C0 3 
Uh.um Phosphate (u,po.) 

Lithium Sulfite (li a S0 3 )" 
Lithium Sulfite (U 2 S0 3 ) 
Lithium Sulfite (U 2 S0 3 ) 
1:1 UfW "m Sulfite:BaC0 3 





I Poor 


1.0 


I Good 


0.5 


J Good 


1.0 


Poor 


To 


Good 


0.5 


Good 


0.3 


Poor 


1.0 


Good 


1.0 


Good 



00 
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p^ij^ — 

Poor -S I ™X P-Wy «9m rust coat, 
b- Anhydrous ^ ^ USUa ^ "-V <ayer. 

eliminaL^ctrosiofS L ^ m ° nstrates *hat lithium sulfite Li,sn i ' 

;^-su, fi te Tzt rer^; n o 9 r din9 * c ^TSfiRr - fn pps sub ^ 

( R "n 7). Blending Li 2 S0 3 with ^ S ? VVei9ht '« '*» effSvf • ST*" 1,16 in «*Poration of 

ear* meta, carbonate, ant carboLT ^ W^bSSS? ?° Jf*"*" * corrosion 
mold,ng. The data also show tL *1 (Run 8) ' is also effective in „ z) (Run 8 >' ° r « alkaline 
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6. A method in accordance with claim 5 wherein said compound is present in an amount such that the 
total weight of said sulfite plus said compound does not exceed 10 weight percent based on the weight of 
said poly(arylene sulfide) resin. 

7. A method in accordance with claim 5 wherein said compound is selected from potassium borate, 

5 barium carbonate, and mixtures thereof. 

8. A method in accordance with claim 6 wherein said compound and said lithium sulfite are present in a 
weight percentage ratio of about 1:1. 

9 A method for improving a poly(aryiene sulfide) resin so that it will be less likely to cause metal to 
corrode as a result of having been in contact with molten poly(arylene sulfide) resin, said method 

w comprising incorporating into said poly(arylene sulfide) resin an effective amount of a corrosion inhibitor 

comprising lithium sulfite. t . 

10 A method in accordance with claim 9 wherein said lithium sulfite is employed in an amount in the 
range of about 0.4 to about 10 weight percent, based on the weight of said poly(arylene sulfide) resin. 

11 A method in accordance with claim 9 wherein said lithium sulfite is employed in an amount in the 
15 range of about 0.45 to about 5.0 weight percent, based on the weight of said poly(arylene sulfide) resin. 

12. A method in accordance with claim 9 wherein said poly(arylene sulfide) is poly(phenylene sulfide) 

reSm i3 A method in accordance with claim 9 wherein said corrosion inhibitor further comprises an amount 
of an additional corrosion inhibiting compound selected from the group consisting of alkali metal or alkaline 
20 earth metai carbonates, alkali metal or alkaline earth metal borates, and mixtures thereof. 

14. A method in accordance with claim 13 wherein said additional compound is present in an amount 
such that the total weight of said corrosion inhibitor does not exceed 10 weight percent based on the weight 
of said poly(arylene sulfide) resin. 

15. A method in accordance with claim 13 wherein said additional compound is selected from 
25 potassium borate, barium carbonate, and mixtures thereof. 

16. An admixture comprising poly(arylene sulfide) resin and a corrosion inhibiting amount of lithium 

sulfite. 

17. An admixture in accordance with claim 16 containing said lithium sulfite in the range of about 0.4 to 
about 10 weight percent based on the weight of said poiy{arylene sulfide) resin. 

30 18. An admixture in accordance with claim 16 wherein the poly(arylene sulfide) resin is a molding grade 
poly(phenylene sulfide) resin. 

19. An admixture in accordance with claim 16 wherein the po!y(arylene sulfide) resin is poly(phenylene 
sulfide) resin and said poly(phenylene sulfide) resin contains glass fiber fillers. 

20. An admixture in accordance with claim 16 which further comprises at least one compound selected 
35 from the group consisting of alkali metal or alkaline earth metal carbonates, alkali metal or alkaline earth 

metal borates, or mixtures thereof. 

21. An admixture in accordance with claim 20 wherein said compound is an alkali metal or alkaline 

earth metai carbonate. 

22. An admixture in accordance with claim 20 wherein said compound is an alkali metal or alkaline 
40 earth metai borate. 

23. An admixture in accordance with claim 20 wherein a mixture of an alkaline earth metal carbonate 
and an alkali metal borate is selected. 

24. An admixture in accordance with claim 20 wherein said compound is selected from barium 
carbonate and potassium borate. 

45 25. An admixture in accordance with claim 20 containing said compound in the range of about 0.4 to 
about 9.6 weight percent based on the weight of the poly(arylene sulfide) resin. 

26. An admixture in accordance with claim 25 wherein the ratio of the weight percent of said compound 
to said lithium sulfite is 1:1. 

50 
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